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Posttransplant hypertension: Studies of cortical blood flow and
the renal pressor system. Thirteen hypertensive and six normo-
tensive posttransplant patients were studied 6 to 28 months after
grafting. No significant differences in prednisone dosage,
incidence of pretranspiant hypertension, remaining diseased
kidneys, glomerular filtration rate, type of donor or original
renal disease existed between groups. Using a 133Xe-xenon
washout technique, hypertensive patients had lower mean renal
blood flow, 130+18 ml/l00 gfmin, and cortical blood flow,
211+15m1/lOOg/min, than the 260±24 and the 414±37 ml!
100 gfmin, respectively, (F< 0.01) recorded in the normotensive
group. There was no significant difference in intrarenal blood
flow distribution between the groups. Transplant vein renin
activity was significantly greater in hypertensive patients on a
10-mEq sodium diet, 22.71 6.2 ng!ml/hr, than in the normo-
tensive group, 4.89± 1.1 ng/ml!hr, on a similar sodium intake
(P< 0.05), while urinary aldosterone excretion was elevated in
both groups. Renin activity and aldosterone excretion could be
suppressed into the normal range by high salt diet. Four
instances of transplant artery stenosis were found in the 13
hypertensive patients by angiography, while 8 of the remaining
9 patients had pathologic evidence of intrarenal vascular or
parenchymal disease, or both. Posttransplant hypertension
should be actively investigated with controlled sodium intake so
that proper medical or surgical therapy can be implemented.
Hypertension artérielle après transplantation: Étude du debit
sanguin cortical et du système hypertenseur renal. Treize malades
hypertendus et six malades normotendus aprés transplantation
rénale ont été étudiés 6 a 28 mois aprés Ia greffe. Ii n'y avait pas
de difference significative entre les deux groupes dans Ia
posologie de Ia prednisone, l'incidence de l'hypertension avant
Ia transplantation, les reins lésés restants, le debit de filtration
glomérulaire, Ic type de donneur ou la maladie rénale initiale.
Avec une technique de lavage du xénon-133, les malades hyper-
tendus avaient des debits rénaux moyens et corticaux plus
faibles que ceux obtenus dans Ic groupe normotendu (130±18
ml,'lOOg/min et 2l1±15m1/lOOg/min au lieu de 260±24 et
414 ml!100 gfmin, Pc 0,01). II n'y avait pas de difference
significative entre les groupes dans Ia distribution intra-rénale
du debit. L'activité rénine de Ia veine rénale du transplant était
significativement plus grande chez les malades hypertendus
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ingérant 10 mEq de sodium par 24 heures, 22,71 6,2 ng/mlf
heure, que chez les normotendus soumis au méme régime en
sodium, 4,89±1,1 ng!ml,'heure, Pc 0,05, alors que l'aldostérone
urinaire était elevée dans les deux groupes. L'activité rénine et
l'excrétion d'aldostérone ont pu étre supprimées par un apport
de sd élevé. Quatre cas de sténose de l'artére du transplant ont
ete découverts par l'artériographie parmi les treize malades
hypertendus, cependant que huit parmi les neuf autres malades
avaient des signes d'atteinte rénale vasculaire et,'ou parenchy-
mateuse. L'hypertension post transplantation devrait étre
étudiée activement au cours de l'administration d'un régime en
sodium contrôlé de telle sorte que le traitement medical ou
chirurgical adéquat puisse étre mis en oeuvre.
Chronic elevation of diastolic blood pressure fol-
lowing renal transplantation is relatively common, and
is usually attributed to corticosteroid therapy or the
presence of the recipients' own kidneys [1—4]. Also
frequently mentioned as an etiologic factor is arterial
ischemia due to large or small vessel lesions [5—12].
Separation of these various etiological entities is of
great clinical importance so that appropriate medical
or surgical therapy may be implemented. The role of
the renal pressor system in mediating posttransplant
hypertension is unclear since plasma renin activity has
been measured by different investigators either without
rigid control of sodium intake or in subjects on dif-
ferent diets [13—16]. While it is known that plasma
renin activity may increase with acute rejection
episodes, reports of renal pressor system activity in
stable renal transplant recipients who are either normo-
tensive or hypertensive are limited [17—19]. Lastly, no
systematic study of renin activity from the venous
drainage of renal allografts in man is availablç. This
measurement may be particularly important in non-
nephrectomized recipients in whom peripheral renin
activities may not arise solely from the transplant.
Since it is recognized that either technical or immuno-
logic factors can damage the renal circulation of the
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transplanted kidney, it follows that the renin system
may also be influenced. Therefore, it seemed logical
to maximize the diagnostic potential of transplant
vein renin activity measurements by having the patients
ingest a low sodium diet, as is customary in the
evaluation of other forms of renovascular hyper-
tension.
Methods
Nineteen stable transplant patients, 6 to 28 months
following grafting, were studied after informed con-
sent was obtained. Six were normotensive, never
having a diastolic blood pressure greater than 90 mm
Hg following transplantation, while 13 patients were
consistently hypertensive with diastolic blood pres-
sure readings greater than 100 mm Hg on three or
more consecutive monthly outpatient visits, despite
administration of a variety of antihypertensive drugs.
Clinical characteristics of the patient population are
shown in Table 1.
All patients were admitted to the Clinical Research
Center one week after all antihypertensive and
diuretic drug therapy was stopped. A 10-mEq sodium
and a l20-mEq potassium diet were begun and when
the urinary excretion of sodium was less than 20 mEq/
24 hr the study was started. After water loading, inulin
and para-aminohippuric acid (PAH) clearances were
carried out in standard fashion with the exception that
urine was collected by spontaneous voiding. Three
20-mm clearance determinations were performed one
hour after priming doses and constant infusions were
begun, and the data used to obtain average clearance
values. Twenty-four-hour urine collections were made
for aldosterone, which were analyzed by the method of
Kliman and Peterson [15]. The next day the patient was
transported to the angiography laboratory where per-
cutaneous renal vein catheterization was performed.
Table 1. Clinical characteristics of patient population
Patient No. Age Sex
y'ars
Time after
transplant
months
Creatinine
clearance
mi/mitt
Blood
pressures
mm Hg
Prednisone
mg/24 hr
Hyper-
tension
before
transplant
Type of
donor
Bilateral
nephrec-
tomy
Original renal
disease
Normotensive
1 40 F 14 100 136/72 10 — Cadaver + Pyelonephritis
2 38 F 8 78 112/74 15 + Cadaver + Pyelonephritis
3 48 F 8 70 136/82 20 — Cadaver + Pyelonephritis
4 17 F 13 51 110/62 10 + Related + Glomerulo-
nephritis
5 36 M 28 105 126/84 15 — Related + Glomerulo-
nephritis
6 52 M 26 62 132/76 15 + Cadaver — Arteriolo nephro-
sclerosis
38.5±5 2M
4F
16.2±4 78±9 125±5/75±3 14.2±2 4+
2—
4 Cadaver
2 Related
5+
1—
Hypertensive
7 50 M 12 45 160/100 20 + Cadaver + Arteriolo nephro-
sclerosis
gb 46 M 21 118 156/112 20 + Cadaver + Pyelonephritis
9 33 M 16 94 160/1 10 30 + Related + Pyelonephritis
1Øb 38 F 18 47 210/120 25 + Cadaver + Malignant hyper-
tension
11 37 M 9 70 150/100 40 + Cadaver — Glomerulo-
nephritis
12 21 F 6 67 150/100 20 — Cadaver + Pyelonephritis
13 33 F 38 18 180/110 15 + Cadaver + Pyelonephritis
14 50 F 14 20 240/1 50 80 + Cadaver + Polycystic
kidneys
15 32 M 6 17 200/120 20 + Cadaver — Hereditary
nephritis
16 18 F 38 53 150/110 15 + Cadaver + Pyelonephritis
17 45 M 6 58 170/110 25 + Cadaver — Glomerulo-
nephritis
18 39 M 8 15 170/115 10 + Related — Hyperoxaluria
19 51 M 6 93 180/120 20 + Cadaver — Arteriolo nephro-
sclerosisO 37.9±3 7M
6F
15.1±3 63±12 175±8/114±4 32.3±8 12+
1—
10 Cadaver
3 Related
8+
5—
Average of all monthly outpatient readings and inpatient readings during study.b Negro patient.
No statistically significant difference between patient groups for any parameter except blood pressure.
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Samples of blood were taken for measurements of
plasma renin activity from the transplant vein, and in
some cases from the vena cava, above and below the
patient's own kidneys with the subject recumbent.
Renin activity was determined by the method of Cohen
et al [21]. This method utilizes a 30-mm incubation
period at pH 5.7. The generated angiotensin I is
quantified by radioimmunoassay. Percutaneous cath-
eterization of the femoral artery was performed using
the Seldinger technique and the transplant artery was
canulated using only minimal injections of radio-
contrast media to assist in localization. After a 15-
mm period of stabilization, renal blood flow was
measured as described by Rosen et al [22] in which
300 tCi of 133Xe-xenon was injected in less than 1 ml
of saline solution into the renal artery followed by an
immediate 3-mi saline flush. The rate of disappearance
of radioactivity from the kidney was monitored for
20 mm by an external scintillation probe with a 2-inch
sodium iodide crystal placed 3 inches from the end of a
cylindrical collimator. The resultant curve was plotted
on a semilogarithmic scale and analyzed as the sum of
three exponential components by the method of curve
peeling. Mean renal blood flow was calculated from
the initial slope of the curve. The percentage of total
blood flow supplied to each component is propor-
tional to the total number of counts in each component
at zero time, and the flow rate per unit mass of tissue
can be calculated from the slope and t3 value of each
component by the method of Ladefoged et al [23].
Partition coefficient for xenon was 0.68 to 0.91
corrected according to the patient's hematocrit value.
Normal values for transplant donors on unrestricted
sodium diets have been established in our laboratory
for comparison.
Following the renal blood flow studies, selective
renal angiography was performed. Films were inter-
preted by a radiologist unfamiliar with the patient.
In addition to these initial studies, two normotensive
and four hypertensive patients were given a 200-mEq
sodium diet. When their 24-hr urinary sodium excre-
tion exceeded 100 mEq, the renal vein studies and the
urinary aldosterone excretion determination were
repeated.
Open renal biopsies were performed in 11 of the
hypertensive patients. Additionally, two hypertensive
individuals, patients 15 and 19, underwent repair of
their transplant artery stenosis with patient 19 having
postoperative angiography and renal venous catheteri-
zation one month after surgery following three days
on a 10-mEq sodium diet.
Differences between hypertensive and normotensive
patients were analyzed using analysis of variance. If a
significant difference was discovered, then Newman-
Kenls test [24] was run on all possible comparisons.
Nonpaired group comparisons were performed by
Student's t test.
Results
Renal blood flow studies. The mean renal blood flow
and the flow rate in the most rapid component
(cortical blood flow) was significantly decreased in the
hypertensive patients compared to normal donors and
normotensive posttransplant patients, as shown in
Fig. 1. The renal blood flow of the normotensive group
did not differ significantly from that of the normal
donors studied in our laboratory while ingesting an
unrestricted sodium diet. The percentage of blood
distributed to the cortex, as judged by the percentage
of total counts at time-zero in the most rapid com-
ponent, did not differ between the normal donors and
transplant patients. Three patients with transplant
artery stenosis could not be separated from the other
hypertensive patients on the basis of findings of blood
flow studies. A complete summary of renal functional
test findings and blood flow data are tabulated in
Table 2. There were no statistical differences between
the glomerular filtration rates or the effective renal
plasma flows in the normotensive and hypertensive
transplant recipients.
Renal angiographic and pathologic findings. Renal
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Fig. 1. Renal blood flow in normal transplant
donors, normofensive posttransplant patients
and hypertensive postiransplant patients.
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Table 2. Renal function and blood flow in posttransplant hypertensionb
C1,, clearance rate of inulin;
minute.
P<0.0l.
angiograms in hypertensive patients demonstrated a
greater than 50% narrowing of the renal artery of the
transplant kidney in four instances. A dramatic illus-
tration of such a finding is shown in Fig. 2. The
majority of the remainder of the hypertensive patients
without main renal artery stenosis had filling defects,
irregularities and occlusion in fourth- or fifth-order
vessels. No abnormalities were identified in the angio-
grams of the normotensive patients. The relationship
of angiographic findings to the histologic results of
renal biopsy are summarized in Table 3.
Renal pressor system. The results of the measure-
ments of the renal pressor system activity in both
normotensive and hypertensive transplant patients are
shown in Table 4. Transplant vein renin activity on a
low sodium diet was significantly greater in the
hypertensive group, i.e., 22.71 6.2 ngjml/hr, com-
pared to the normotensive patients, i.e., 4.89± 1.1
(P <0.05). It is noteworthy, however, that the hyper-
tensive patients with transplant artery stenosis could
not be distinguished from the hypertensive patients
with other etiologies on the basis of renin activity. This
is illustrated in Fig. 3. The open circles represent
patients with transplant artery stenosis. Although there
generally was good correlation between peripheral or
inferior vena caval renin activity and transplant vein
renin activity, three of 14 patients had significantly
higher transplant vein activities. Urinary aldosterone,
as would be expected, was increased in individuals on
the low sodium diet with no difference between groups.
Administration of high sodium diets abolished the
differences in renin activity between the posttransplant
groups.
The two patients with transplant artery stenoses and
elevated renin activities from the transplant vein under-
went surgery for repair of the lesion. The angiograms
and renin activity data from patient 19 before and
after surgery are shown in Fig. 4. Based upon the
step-up in renin activity associated with the trans-
planted kidney, it was suspected that his own kidneys
were not the source of his hypertension, and this belief
is strengthened by his normal blood pressure at three
months' follow-up while he was not receiving anti-
hypertensive medications. Pathologic analysis of the
resected renal artery specimen showed intimal pro-
liferation. No fluorescence with anti-IgG or C3 was
noted. The other patient, 15, became normotensive
immediately following surgery but developed a
Pseudomonas wound infection with erosion into the
arterial anastomosis necessitating removal of his
Patient No. C1
mi/mm
CPAH
mi/mm
Mean renal
blood flow
mi/min/]OO g
Cortical
blood flow
ml/min/JOO g
% of total
cpm in
component 1
Normotensive
1 — — 297 373 73
2 75 590 185 361 61
3 78 466 310 410 76
4 65 424 220 359 89
5 113 660 219 381 62
6 68 410 330 597 60
X±SEM 80±9 510±49 260±24 414±37 70±5
Hypertensive
7 40 275 185 225 70
8 110 600 180 252 51
9 90 420 154 233 69
10 36 340 87 110 62
11 — — — — —
12 41 232 199 215 92
13 — — 182 207 57
14 — — — — —
15 — — — —
16 39 263 54 190 70
17 — — 97 194 49
18 — — 56 192 25
19 84 605 110 293 51
X±SEM 63±12 391±59 l3O±l8b 2ll±lSb 60±6
CPAH, clearance rate of para-aminohippuric acid; cpni, counts per
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Fig. 2. Transplant artery stenosis (arrow) in patient 15. Note the
normal distal vasculature. Renal biopsy specimen was normal.
transplant. The two other individuals with transplant
artery stenosis, patients 12 and 17, had normal trans-
plant vein renin activities and have been treated medi-
cally with adequate blood pressure control and no
deterioration of glomerular filtration rate at six and
eight months, respectively.
Discussion
The effects of sustained elevations of diastolic blood
pressure, regardless of the cause, are known to have
detrimental effects on the cardiovascular system which
may be ameliorated if normotension is achieved using
antihypertensive therapy [25, 26]. Posttransplant
patients commonly have sustained increases in blood
pressure but, surprisingly, few studies have attemped
to sort out the multiple possible pathologic mechan-
isms involved in these patients with preexisting
cardiovascular disease and newly acquired renal func-
tion to be preserved.
In our unselected group of 13 posttransplant pa-
tients with hypertension, the cause of the hypertension
proved to be multifactorial. Angiography demonstrated
four patients with greater than 50% narrowing of the
major transplant artery and seven others with intra-
renal small vessel abnormalities, including two with
peripheral infarcts. A renal biopsy specimen showed
normal morphologic characteristics in the three
patients with transplant artery stenosis who were
biopsied, while biopsy specimens in eight other hyper-
tensive patients showed intimal proliferative changes
characteristic of chronic rejection. In one patient with
recurrent urinary tract infections of her transplanted
kidney, there were superimposed pyelonephritic
changes, while in another moderate proliferative
glomerulonephritis was evident. Whether a cause and
effect relationship exists between the radiologic abnor-
malities observed in the graft and coexisting hyper-
tension is speculative, since such additional factors as
remaining diseased kidneys and concomitant corti-
costeroid therapy may also play a significant role in
the blood pressure elevation.
Physiologically, decreased mean renal blood flow
and cortical blood flow rate to the transplanted kidney
clearly characterize the hypertensive patients in our
series. The etiologic aspects of the hypertension could
not be predicted by the xenon washout curve since the
four patients with transplant artery stenosis had corti-
cal blood flow rates and percent of total blood flow in
the rapid flow or cortical component which were com-
parable to the remainder of the hypertensive group.
Although plasma renin activity might be expected to
rise in response to the decreased renal blood flow
measured in the patients with posttransplant hyper-
tension, particularly due to major arterial lesions,
this has not been a universal finding [15, 16]. Partial
explanation for this inconsistency may lie in the lack
of rigid control of sodium intake prior to performing
the renin measurements. We were able to suppress
elevated transplant vein renin activity into the normal
range with high sodium diets as have Strong et a! [27]
in nontranspiant renovascular hypertension. In a
sense the transplanted kidney with an arterial stenosis
is similar to the single kidney experimental animal
hypertension model [28] or certain situations in man
with decreased blood flow to the entire renal mass [29]
where volume expansion may mask the role of the
renal pressor system [30]. Extracellular fluid volume
expansion due to steroid therapy may account for the
normal transplant vein and peripheral renin activities
in two of the four hypertensive posttransplant
patients with greater than 50% narrowing of their
main transplant arteries. Alternatively, the stenoses
may not be functionally important. These two patients
have blood pressure which is easily controlled with a
regimen of diuretics plus alpha-methyldopa, and
104 Bennett et a!
Table 3. Renal angiographic and pathologic findings in hypertensive transplant patients
Patient
No.
Angiography Renal biopsy Remarks
7 Normal main artery. Small vessel
changes suggestive of chronic
rejection.
Chronic rejection: intimal prolifera-
tion in small vessels, positive
immunofluorescence for fibrin.
Cc and blood pressure improved
from 45 mI/mm to 90 mI/mm with
institution of anticoagulant therapy.
8 Main artery patent. Small peripheral
infarct. Moderate, small vessel
changes.
Chronic rejection. Stable graft function on antihyper-
tensive drugs.
9 Normal angiogram. — Chronic posttransplant hyper-
calcemia. Blood pressure normal
with phosphate therapy.
10 Normal main artery. Marked small
vessel changes.
Chronic rejection and glomerulo-
nephritis.
Poorly controlled hypertension with
slowly deteriorating graft function.
11 70% narrowing of transplant artery at
renal hilus.
Normal. Normal renin on low salt diet, Blood
pressure controlled with drugs.
Ccr, 50 mI/mm.
12 Normal main artery. Polar infarct.
Irregular, tortuous small vessels,
Interstitial nephritis due to infection
and/or rejection.
Repeated urinary tract infections,
stable at Car, 18 mI/mm.
13 Normal main artery. Marked small
vessel disease.
Chronic rejection. Lost graft with cortical necrosis at
12 months.
14 95% stenosis of transplant artery at
anastomotic site,
Normal. Surgical repair angiographically
successful. Graft loss due to septic
rupture of anastomosis two weeks
postoperative.
15 Normal main artery. Small peripheral
infarcts suggesting chronic rejection,
Chronic rejection. Stable graft function 65 mI/mm
on anticoagulant therapy.
16 90% stenosis of transplant artery at
anastomosis.
Normal. Normal renin on low salt diet. Blood
pressure controlled with drugs.
Ccr, 65 mI/mm.
17 Normal main artery. Tortuous small
vessels.
Chronic rejection. Loss of graft due to cessation of
immunosuppression with inter-
current pancreatitis.
18 80% stenosis of transplant artery with
normal distal vasculature.
— Normal blood pressure and excellent
graft function. Car, 95mI/mm three
months postoperative.
19 — Chronic rejection. Stable graft function. Ccr, 50 mI/mm.
have not undergone surgery. Glomerular filtration
rates remain adequate.
Our value for transplant vein renin activity of
4.89 1.1 ng/ml/hr in 6 normotensive patients on low
salt diets is significantly different from the 22.71 6.2
ng/ml/hr in the 13 similarly prepared hypertensive
patients (P <0.05). No other reports of transplant vein
renin activities are available. The low level of statis-
tical significance between the normotensive group and
those with hypertension is due to a wide scatter in the
data, with overlap as can be seen in Fig. 3. This limits
the usefulness of the renin activity to assess the
significance of the angiographic and pathologically
demonstrated blood vessel changes. However, in the
presence of the patients' old kidneys, a step-up in
renin activity across the transplant with little change
across the old kidneys would suggest that significant
ischemia of the transplanted kidney exists. An example
of the usefulness of this approach is provided by
patient 19 (Fig. 4) in whom normal blood pressure was
achieved following corrective surgery for transplant
artery stenosis.
The presence of the remaining diseased kidneys has
been implicated by several authors [2—4] as an impor-
tant etiological factor in posttransplant hypertension.
This was excluded in eight of the 13 hypertensive
patients in our series who developed significant
pressure increases despite pretransplant bilateral
nephrectomy. However, renin activity measurements
may implicate the old kidneys as a pathogenetic
factor as exemplified by patient 18, who had a renin
value of 21.5 ng/ml/hr above his old kidneys compared
to a transplant vein renin activity of 14.05 ng/ml/hr.
In patients with bilateral nephrectomy, peripheral
Positranspiant hypertension
Table 4. The renal pressor system in posttransplant hypertension
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renin activity does reflect the relative renal pressor
activity of the transplanted kidney.
The 31% incidence of major transplant artery
stenosis in the 13 hypertensive patients reported here
deserves comment. Margules, Beizer and Kountz [121
report only a 1% incidence in 409 transplant re-
cipients; however, their indications for angiography
were hypertensive patients not controlled by large
doses of antihypertensive drugs. The Jack of statisti-
cally significant differences in the glomerular filtration
rates between the normotensive and hypertensive
groups indicate that graft failure, as measured by this
index, need not accompany either a major artery
stenosis or chronic rejection and that good graft
function cannot be used to exclude the need for hyper-
tensive evaluation. Simmons et al [31] have recently
reported two cases of transplant artery stenosis
mimicking chronic rejection. Smellie, Vinik and
Hume [10] found five instances of renal artery stenosis
in 12 severely hypertensive posttransplant patients,
and single cases have been reported by other authors
[5—9]. Morris et a! [11] found 14 instances of renal
artery stenosis in 36 patients who had posttransplant
angiography. These authors implicated end-to-side
Patient No. 10-mEq Na diet 200-mEq Na diet
Urine Transplant Venous renin Urine Urine Transplant Venous renin UrineNa vein renin activity aldo- Na vein renin activity aldo-
mEq/24 hr activity
ng/ml/hr
ng/ml/hr sterone
g/24 hr
mEq/24 hr activity
ng/ml/hr
ng/ml/hr sterone
.g/24 hr
45 — — — —
56 — — — —
19 112 2.5 Peripheral 2.61 18
52± 10 108 1.67 1.76 18
14
Normotensive
1 13 2.53 Below transplant 31
2.40
2 18 5.89 Below transplant
5.62
87
3 11 5.86 Peripheral 5.22
4 20 1.89 Peripheral 2.13
5 7 9.50 Below transplant
9.21
6 14 3.66 Peripheral 3.12
X±SEM 13.8±2 4.89±1.1 4.61±1.3
Hypertensive
7 5
14
13
12
16
13.05
65.22
13.68
5.26
6.31
Below transplant
12.81
Peripheral 38.9
Peripheral 13.02
—
Below transplant
5.26
Above old kidneys
7.57
3
18
12
16
24
22
13
19
6.57
12.41
71.2
19.9
4.21
4.38
14.05
22.4
—
Below transplant
4.00
—
—
—
Below transplant
4.05
Above old kidneys
4.5
Below transplant
13.50
Above old kidneys
21.5
Below transplant
13.05
Above old kidneys
22.4
65
39
36
—
17
—
50
8
9
10
11
12
13
14
15
16
17
18
19
29 96 10.73 Below transplant
9.14
— 134 — Peripheral 4.21
50 — — —
24 96 0.63 Below transplant
0.42
112 —
135 2,5 Below transplant
2.5
Above old kidneys
4.75
4 106 —- —
5
3
a p< 0.05.
X±SEM 14.4±2 22.71±6.2a 13.2±7.2a 35±6 113 4.62 4.20 7.3
U
a
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• arterial anastomoses and possible immunologic
damage as causes for the stenotic reaction. Of the four
transplant artery stenoses reported here, only two had
end-to-side anastomoses. The only pathological speci-
men obtained from a resected arterial lesion showed
intimal proliferation similar to that noted in chronic
rejection [32]. Since decreased blood flow and in-
creased renin activity are common to posttransplant
hypertension regardless of cause, angiography should
be more widely employed as a diagnostic procedure.
The natural history of transplant artery stenosis and
°
* its exact incidence is unclear at this time.
o Although urinary aldosterone excretion was ele-
vated in our studies, no difference in aldosterone
excretion between normotensive and hypertensive
• posttransplant patients was recorded while they were
receiving either a low or high salt diet. Sampson et al
[15] also found elevated aldosterone excretion and
Hypertensive normal plasma renin activities in 11 moderately hyper-
tensive posttransplant patients on unrestricted sodium
intake, and postulated inappropriate adrenal aldo-
sterone production. Further studies on 20 patients
showed no correlation between renin activity and
elevated aldosterone secretion rate, leading to the
proposal that excess mineralocorticoid was the pri-
mary etiologic factor in posttransplant hypertension
[33]. Cooke has also reported [18] high plasma
aldosterone concentrations in 11 normotensive post-
Fig. 4. Preoperative angiogram (left panel) and renin activity measurements in patient 19, wit/i significant stenosis of transplant artery
(short arrow). Postoperative angiogram and renin activity measurements (right panel) one month after surgery. Patient is normotensive
at three-month follow-up while receiving no antihypertensive therapy.
60
55
50
45
40
35
30
25
20
15
I0
5
Fig. 3. Renin activity from the transplant vein from normotensive
and hypertensive posttransplant patients. Mean values for each
group depicted by bar. Asterisk, P< 0.05; open circle, transplant
artery stenosis.
- t
Normotensive
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transplant patients. Thus, although urinary aldo-
sterone excretion is elevated independent of renin
activity, the importance of this as a cause of hyper-
tension is doubtful.
The effects of corticosteroid therapy have been con-
sidered by Popovtzer et a! [1] to play a significant role
in the pathogenesis of posttransplant hypertension.
These authors found an inverse relationship between
steroid dosage and blood pressure in the first two
months after transplantation; however, they did not
include a control group of normotensive posttrans-
plant patients for comparison. The mean steroid dose
in their hypertensive patients was 45 mg, compared to
32 mg in the present series. The failure to identify a
statistical difference in regard to steroid dosage
between the normotensive and hypertensive patients
in this study makes it unlikely that steroid therapy is a
major determinant of elevated blood pressure. Al-
though mean dosage was higher in the hypertensive
patients, five of the 13 had steroid doses the same or
lower than normotensive patients.
The presence of reversible hypertension associated
with hypercalcemia has been described by Earil,
Kurtzman and Moser [34] and Weidmann, Massry
and Coburn [35]. Patient 9 in our series became
normotensive after oral treatment with phosphate for
persistent posttran splant hypercalcemia. Presumably,
the decreased renal blood flow measured by the xenon
technique was functional since the arteriogram re-
vealed nothing to account for the hypertension.
Patient 13 had persistent posttransplant urosepsis.
The histopathologic findings of her transplant biopsy
specimen were compatible with chronic bacterial
pyelonephritis which was the probable cause of her
parenchymal destruction and vascular damage.
Thus, we conclude that posttransplant hypertension
must be approached as a diagnostic problem and a
search made for possible reversible factors such as
transplant artery stenosis, chronic rejection, hyper-
calcemia, pyelonephritis or remaining ischemic
diseased kidneys before simply instituting drug
therapy. Renal cortical ischemia and activation of the
renin-angiotensin system are probably important
pathophysiological mechanisms. The diagnostic value
of renal blood flow and renin measurements in predict-
ing the importance of ischemia is probably limited to
transplants patients with remaining diseased kidneys.
Vena caval and transplant vein renin activity should
be assessed under conditions of known, preferably
low sodium intakes to maximize diagnostic yield.
Only by such an aggressive diagnostic approach can
one hope to modify the adverse long-term effects of
hypertension on graft function and the cardiovascular
system.
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